ABSTRACT
of patients. [2] Negative appendectomy rate (NAR) still remains high; therefore, several appendicitis scores, inflammatory markers, and imaging modalities have been proposed to reduce this rate. [3] [4] [5] Computed tomography (CT) has been reported to improve diagnostic accuracy in AA and reduce NAR. [5] On the other hand, recent studies have investigated the diagnostic accuracy of inflammatory markers including mean platelet volume (MPV), red cell distribution width (RDW), and neutrophil to lymphocyte ratio (NLR) in various inflammatory or infectious conditions including AA. [6, 7] Therefore, the purpose of our study was to investigate the role of inflammatory markers including white blood cell (WBC) count, C-reactive protein (CRP), MPV, RDW, and NLR, in decreasing NAR based on CT findings of AA. 
MATERIALS AND METHODS

INTRODUCTION
Acute appendicitis (AA) is the most common acute surgical abdominal emergency; hence, appendectomy is a very common emergency operation performed worldwide. [1] Diagnosis is usually based on the combination of initial clinical and laboratory evaluation with imaging modalities. Clinical symptoms include periumbilical pain migrating to the right lower quadrant, nausea, and vomiting, but unfortunately, a clear clinical picture consistent with AA is found in only 50%-60% ing laboratory, surgery, pathology, and discharge summary was performed for each patient. The study protocol was approved by the institutional ethics committee, and written informed consent was waived.
Patients
One hundred and five adult patients (aged ≥18 years) who underwent CT examination for suspected AA were initially included. Subsequently, 13 were excluded, of whom seven patients were lost to follow-up, three had unavailable or incomplete medical records, and one and two were diagnosed with pseudomembranous colitis and non-specific colitis, respectively, after initial interpretations. Finally, 92 patients (43 men, 49 women, age range 18-79; mean age 40) were included. Final diagnoses based on pathological results or clinical followup for at least 3 months were used as the reference standard.
Imaging Technique
All CT exams were performed on a 16-row multi-detector CT scanner (Lightspeed 16, General Electric, Milwaukee, USA). Abdominal region from the diaphragm to symphysis pubis was scanned after intravenous non-ionic iodinated contrast material injection (ioversol, Optiray 300/100, Mallinckrodt). All patients drank 1.5 L of water mixed with 50 mL of iodinated contrast material (sodium and meglumin diatrizoat, Urografin 50 mL, Schering) 1 h before the exam. Imaging parameters were 5-mm slice thickness, 1.3 pitch, 1 s of tube rotation, 120 kV, and noise index of 16. Each examination was recruited from our Picture Archiving and Communication System (Centricity PACS, GE Healthcare, General Electric, Milwaukee, USA) and was loaded to a workstation with three megapixel monitors (BARCO, Brussels).
Image Analysis
All CT scans were retrospectively interpreted, based on the consensus of two national board-certified radiologists with 5 and 15 years of experience in abdominal imaging, respectively. Radiologists knew that the patients all had suspected AA; however, they were blinded to the original CT reports, laboratory and surgical findings, and pathological results. All images were reviewed with the following CT findings assessed: (1) appendiceal diameters; (2) appendiceal wall changes; (3) cecal changes; (4) periappendiceal inflammatory changes; (5) phlegmon or abscess formation; and (6) lymph node enlargement (Table 1) . Appendiceal diameters were measured from the outer wall to the outer wall twice using electronic calipers on magnified images by each observer, and the two measurements were then averaged. Appendiceal wall changes were classified as absent, enhancing thick wall, and defect in enhancing thick wall. Thick appendiceal wall was defined as a wall thickness of ≥2 mm. Cecal changes were classified as absent, thick wall, and thick wall with pericecal fluid. Cecal wall thickening was assessed by comparing to the wall thickness of the ascending colon immediately distal to the cecum, and maximal wall thickness was measured. Periappendiceal inflammatory changes were subjectively classified as absent, mild, and moderate to severe. Phlegmon was defined as diffuse inflammation of the periappendiceal fat with ill-defined fluid collections, whereas discrete collection with definable walls was defined as an abscess. Lymph node enlargement was defined as absent when the short axis of the largest lymph node in pericecal area was <5 mm, as mild when it was 5-10 mm, and as prominent when it was >10 mm. In addition, patients were subjectively classified using four grades from normal (grade 1) to perforated AA (grade 4) based on CT findings (Table 2) (Fig. 1 ). This grading system was generated by modifying two previously described systems. [8, 9] 
Laboratory Analysis
After completion of the image analysis process, medical records of patients with suspected diagnosis of AA were reviewed and WBC count (10 3 /µL), MPV (fL), RDW (%), NLR, and CRP level (mg/L) obtained on complete blood count (CBC) were noted. CBC was obtained just after the physical examination during initial referral. Laboratory analyses were performed using an Abbott ARCHITECT c8000 Clinical Chemistry Analyzer for all patients. NLR was calculated by dividing the percentage values of neutrophils and lymphocytes.
Statistical Analysis
SPSS (IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.) was used for statistical analysis. Normality of data for continuous variables was analyzed using ShapiroWilk's test. Inter-group differences were analyzed with oneway analysis of variance for normally distributed parameters and with Kruskal-Wallis test for non-normally distributed parameters. Paired comparisons were performed using Tukey's 
RESULTS
Of the 92 patients included in our study, 64 underwent appendectomy and 50 were pathologically proven to have AA, whereas in 14 patients, the appendix was found to be normal. In 4 of 50 patients who were pathologically proven to have AA, CT examinations were considered negative for AA. In 28 patients who were not operated, AA was excluded based on negative CT examinations and clinical follow-up. CT had a sensitivity of 92% and a specificity of 95% for the diagnosis of AA.
Appendiceal diameter, cecal changes, and periappendiceal inflammatory changes were found to be significantly related to WBC count, NLR, and CRP level (p<0.05). Appendiceal wall change was found to be significantly related to WBC count, MPV, NLR, CRP level, and phlegmon; abscess formation was found to be significantly related to MPV, NLR, and CRP level; and lymph node enlargement was found to be significantly related to NLR and CRP (p<0.05).
The cut-off values of appendiceal diameter, appendiceal wall (Table 3) .
Of the 92 patients in our study population, 44, 29, 13, and 6 patients were classified as grade 1, 2, 3, and 4 on the basis of CT findings, respectively. CT grades were found to be significantly related to WBC, NLR, and CRP level (p<0.05).
Based on the pathological examination and clinical follow-up, the study population consisted of 50 patients with the final diagnosis of AA, whereas in 42 patients, AA was excluded (14 were proven to have pathologically normal appendix, 28 were clinically excluded). In terms of final diagnosis, patients were grouped as positive and negative for AA. When the relation of inflammatory markers between these groups was analyzed, significant differences were found in WBC, NLR, and CRP level (p<0.05). (Table 4) .
Considering the agreement between the surgeon's decisions and pathological diagnoses, of the 64 patients who underwent appendectomy, 50 were grouped as concordant cases and 14 were grouped as discordant cases (comprising also the negative appendectomy group). These groups were re-evaluated in terms of the operation decision, considering aforementioned cut-off values of inflammatory markers and CT signs (appendiceal diameter, appendiceal wall thickness, and cecal wall thickness). The criterion for the surgeon's operation decision was accepted to require minimum one of the inflammatory markers and minimum one of the CT signs above the cut-off values. Accordingly, recalculated NAR was found to be 9.1%. When the actual and recalculated NAR (21.9% versus 9.1%) were compared, the difference was found to be almost significant (p=0.058).
DISCUSSION
Despite the frequency of AA and the use of different diagnostic approaches including appendicitis scores, laboratory markers, and imaging modalities, accurate diagnosis remains difficult. High NARs have been reported in our country as well as in some other countries. [3, 10, 11] Recently, diagnostic values of MPV, RDW, and NLR are increasingly being evaluated in patients with suspected AA, although largely varied results have been reported. [12, 13] To our knowledge, there are no published studies that have investigated the role of these inflammatory markers in decreasing NAR based on CT findings of AA.
MPV is a marker of platelet activation that has been shown to reflect the inflammatory burden. [14] Several studies have evaluated the diagnostic value of MPV in AA; nevertheless, some of them advocate for an increase, while some others advocate for a decrease, in MPV levels. RDW is a measure of the variability of red blood cell size and has been shown to predict various inflammatory conditions. [15, 16] Based on CT findings examined in our study, only appendiceal wall change and phlegmon or abscess formation was found to be significantly related to MPV. No significant difference was found regarding the relation between any of these findings and RDW. As thick wall, enhancing wall, or defect in the wall are components of appendiceal wall change on CT, when wall change is present, this may represent either early or advanced stages of the disease. According to the results of our study, CT find- ings of AA seem to represent different stages of inflammation and thus may be related to different inflammatory markers depending on the inflammation stage. Regarding its relationships with CT findings, MPV seems to be related to both early and advanced stages of inflammation. However, further studies should be conducted to evaluate its relationship with CT findings of AA.
In our study, we also evaluated the relation between final diagnoses and laboratory markers. No significant differences were found in the means of MPV and RDW levels, which was discordant with some recent studies. [6, 7] However, Bozkurt et al. [17] concluded that MPV was not a useful diagnostic marker in AA, in accordance with our study results. NLR was found to be a useful diagnostic parameter for the diagnosis of AA in children, [18] and it was also found to be more valuable than WBC and CRP in terms of diagnostic accuracy. [19] The proposed cut-off values of WBC, NLR, and CRP in the present study were 7.47, 4.06, and 13 for the diagnosis of AA, respectively.
One of the most important results of our study was that CT had a significant diagnostic utility with a sensitivity of 92% and specificity of 95%, consistent with prior studies evaluating the performance of CT imaging in AA. [20, 21] Our study results revealed a relatively high NAR. At our institution, the primary imaging modality in suspected AA is ultrasound, and CT mainly serves as a problem-solving imaging modality in equivocal cases. As our sample was limited to patients who only underwent CT examination, we believe this rate might not reflect the exact NAR in our institution. However, high NARs were also reported in previous studies conducted in our country and in others worldwide. [3, 10, 11] Therefore, to analyze the effect of the proposed cut-off values in the present study, the actual and recalculated NARs were compared and the difference was found to be almost significant. We believe the cut-off values proposed in our study, particularly in equivocal cases, may have a value in the diagnosis of AA and thus may help decrease NAR.
Our study has several limitations. First, due to the absence of surgical-pathological proof in patients who were not operated, final diagnoses were based on clinical follow-up. Second, the study had a small sample size limited to one institution of cohort. A relatively small percentage of patients with suspected diagnosis of AA are going to CT in our institution, which may have introduced substantial bias. Third, there may be value in correlating the cut-off values of CT signs and inflammatory markers with common mimics of AA on CT (i.e., Crohn's Disease and cecal tumors), but due to our exclusion criteria and lack of such cases in our study population, this was not feasible.
In conclusion, proposed cut-off values of WBC, NLR, and CRP level may be helpful to diagnose AA and reduce NAR when used in combination with the physical examination and imaging modalities, particularly in discordant and equivocal cases. 
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